The current study investigated the effects of sex and stocking density and their interaction on growth performance and carcass characteristics of broiler chickens in a semi-arid sub-tropical environment. A total of 1008 day-old Cobb Avian48 chicks, namely 462 males and 546 females, were reared at final stocking densities of 30, 35, and 40 kg bodyweight per square metre (BW/m 2 ) corresponding to 44, 51 and 59, and 52, 61 and 69 chicks per pen for males and females, respectively, during a 42-day production period. The experiment was a 2 × 3 factorial completely randomized design, with each sex-stocking density combination being replicated three times. After the initial weighing, the birds were weighed individually [grams (g)] each week until the 42 nd day. At day 42, four birds from each pen were randomly sampled and slaughtered, and carcass characteristics were measured after 48 hours, and expressed as percentages of bodyweight. Growth performance and carcass characteristic parameters were subjected to analysis of variance using the general linear model procedures of Minitab statistical software version 17. Treatment means were compared using Tukey's test (at α = 0.05). Males gained more weight and were significantly heavier at slaughter age (2649 ± 43.1 g) than females (2270 ± 43.1 g). There was a progressive reduction in feed intake with increasing stocking density, but neither sex nor stocking density influenced feed conversion ratio and mortality rate. Sex significantly affected dressing percentage and carcass parts percentages, namely breast, neck, shank, heart and abdominal fat and thigh, liver and gizzard. On the other hand, stocking density significantly influenced dressing percentage and carcass parts percentages such as breast, thigh, drumstick, neck, shank, liver and gizzard. There was a significant sex x stocking density interaction effect on percentages of thigh and liver. It is therefore suggested that for efficient 42-day production cycles of broilers in the subtropics, Cobb Avian48 males reared at the stocking density of 40 kg BW/m 2 could be considered the best option. ______________________________________________________________________________________
Introduction
The objective of every broiler producer is to maximize the kilograms of chickens per unit of floor space, while simultaneously reducing losses due to overcrowding to attain optimum economic returns. Several studies have been conducted on the effects of stocking density on broiler performance, but the results have been conflicting. Some studies showed no significant influence of stocking density on broiler performance (Buijs et al., 2009; Rambau et al., 2016) while others demonstrated adverse effects of high stocking densities (Beg et al., 2011; Tong et al., 2012; Ligaraba et al., 2016; Siaga et al., 2017) . Others, on the other hand, reported improved broiler performance with increased stocking density (Feddes et al., 2002) .
High stocking densities reduce the variable costs of production because more chickens are reared per unit of floor area. Thus, up to a critical point, profitability improves with increasing stocking density (Puron et al., 1995) . Broiler producers therefore generally increase stocking density and sacrifice bird performance in an attempt to maximize returns per unit of floor area. However, circumstances are changing owing to bird welfare considerations. In Europe, stocking density has been fixed at 30 kg BW/m 2 with an option to increase it to 39 or 42 kg BW/m 2 , provided set standards are met (European Commission, 2007) . In the USA, the National Chicken Council (2005) established a voluntary welfare audit programme for broiler companies to follow. This programme stipulates a range of density rates based on final bodyweight from 31.8 kg BW/m 2 for light broilers to 41.6 kg BW/m 2 for roasters. A universal stocking density, however, is not attainable. Lower stocking densities are recommended for the tropics and subtropics than temperate areas, because of the stress caused by high ambient temperatures. Researchers (Sam et al., 2010; Shafey et al., 2013; Benyi et al., 2015; Siaga et al., 2017) reported that males consumed more feed, utilized feed more efficiently, grew faster, were heavier at slaughter age, and deposited less abdominal fat than females.
Currently, there is a paucity of information in tropical and sub-tropical conditions on the interaction effects of sex and stocking density on optimum broiler performance and carcass characteristics, since the recommended densities are based on research in temperate environments. This study, therefore, was carried out to examine the effects of sex and stocking density and their interaction on growth performance and carcass characteristics of broiler chickens in a sub-tropical environment.
Materials and Methods
This experiment was approved by the University of Venda Research Ethics Committee with registration number ARDF/15/ANS/1210. The study was conducted at the Poultry Facility of the School of Agriculture, University of Venda (latitude 22.9°S, longitude 30.48°S). The area experiences cold dry winters and hot rainy summers. The broiler house was a brick-walled building measuring 17 m x 9 m, similar to those used by small-scale broiler producers in the area. The width is built of bricks up to ceiling level, while the length is made of bricks up to one metre height and topped off by 2.5 cm wire mesh to the ceiling. Heavy plastic sheeting on top of the wire mesh is used to control air movement into and out of the building, since there are no fans in the facility or a barometer to measure relative humidity. The house was divided into 24 pens, of which only 18 were used for the study, each pen measuring 287 cm x 150 cm. The floor was covered with sawdust and each pen was equipped with two tube feeders, two automatic drinkers and two 175 W infra-red bulbs for heating. Minimum and maximum temperatures in the facility were recorded daily. The daily temperature in the house during the study ranged from 8 to 21 °C with a mean of 18 °C.
A total of 1008 day-old Cobb Avian48 chicks, 462 males and 546 females, were available for the experiment. The experiment was a 2 × 3 factorial completely randomized design, and each sex-stocking density combination was replicated three times. On arrival at the facility, chicks were raised together to six days old (acclimatization period). On day 7, the chicks of each sex were leg-banded, weighed individually, and randomly assigned to stocking densities of 30, 35, and 40 kg BW/m 2 corresponding to 44, 51, and 59; and 52, 61, and 69 chicks per pen for males and females, respectively. The number of birds per pen was computed using 42 days bodyweight of 2.93 and 2.49 kg for males and females, respectively. The equation used to calculate the number of birds per pen needed for the stocking densities was birds/pen= [final treatment density (kg/m 2 ) x pen area (m 2 )] /projected final BW (kg) (Dozier et al., 2006) . The birds were fed a commercial broiler starter diet to 21 days, grower diet to 35 days and finisher diet to 42 days (Table 1) . Feed and water were offered ad libitum and lighting was provided 24 hours a day by 40 W fluorescent tubes throughout the study period. Feeder space/bird for male chicks was 5.9, 5.1, and 4.4 cm, while for females it was 5.0, 4.3, and 3.8 cm for the stocking densities of 30, 35, and 40 kg BW/m 2 respectively. The equation used to calculate the available feeder space per bird for each stocking density was feeder space/bird = circumference of the feeder (cm)/number of birds in each pen. The corresponding drinker space was 5.1, 4.4, and 3.8 cm for males, 4.3, 3.7, and 3.3 cm, for females. After the initial weighing, the birds were weighed individually each week until 42 days. Prior to weighing, the birds were fasted for 12 hours. Feed consumed in each pen was recorded before the birds were weighed. Feed conversion ratio was calculated, and mortality was recorded daily. At day 42, four birds were randomly sampled from each pen, and slaughtered and carcass characteristics were measured after 48 hours of deep-freezing (-18 °C), and expressed as percentages of bodyweight, as outlined by Benyi et al. (2015) .
Pen means were used for bodyweights, bodyweight gains, feed intake, feed efficiency, and mortality rate, as well as dressing percentage weight and the percentage weights of the carcass parts. An analysis of variance was conducted, using the generalized linear model procedure of Minitab statistical software version 17 (Minitab, 2014), followed by standard means separation using Tukey's procedure (α = 0.05). Table 2 shows results for performance during the first 21 days (starter period). Sex had an effect (P <0.01) on the initial bodyweight, 21 days bodyweight, bodyweight gain and feed consumption, but had no effect (P >0.05) on feed conversion ratio and mortality rate. At both initial stage and 21 days old, male birds were heavier, consumed more feed, and gained more bodyweight than females. Stocking density had no effect (P >0.05) on mortality rate but affected bodyweight (P <0.05), as well as bodyweight gain, feed consumption, and feed conversion ratio (all at P <0.01). Body weight at 21 days and feed consumption, decreased progressively with increasing stocking density. Birds raised at stocking densities of 30 and 35 kg BW/m 2 did not differ (P >0.05) in bodyweight gain but gained more (P <0.01) bodyweight than those reared at the density of 40 kg BW/m 2 . There was no difference (P >0.05) in feed conversion ratio between birds raised at 35 and 40 kg BW/m 2 ; however, both utilized feed more efficiently (P <0.01) than those raised at the density of 30 kg BW/m 2 . Results for the grower period (22-35 days) are summarized in Table 3 . Sex influenced (P <0.01) 35 days bodyweight, bodyweight gain and feed consumption, but did not affect (P >0.05) feed conversion ratio and mortality rate. Males consumed more feed, grew faster and were heavier at the end of the period than females. Stocking density affected 35 days bodyweight (P <0.05) and feed consumption (P <0.01), but did not affect (P >0.05) bodyweight gain, feed conversion ratio and mortality rate. Birds reared at the stocking density of 30 kg BW/m 2 consumed more feed and were heavier at 35 days of the rearing period than those raised at densities of 35 and 40 kg BW/m 2 ; however, the two latter groups did not differ (P >0.05) in feed consumption and 35 days bodyweight (P >0.05). Table 4 presents results for the finishing period (36-42 days). There were influences of sex on mortality rate, 42 days bodyweight (all at P <0.01), bodyweight gain and feed consumption (all at P <0.05), but not on feed conversion ratio (P >0.05). Males consumed more feed, gained more bodyweight and were heavier at 42 days but had a higher mortality rate than females. Stocking density affected feed consumption (P <0.01) and feed conversion ratio (P <0.05) but had no influence on 42 days bodyweight, bodyweight gains and mortality rate (P >0.05). Birds reared at the stocking densities of 30 and 35 kg BW/m 2 did not differ in feed consumption but consumed more feed than those raised at a stocking density of 40 kg BW/m 2 (P <0.05). Birds reared at the density of 40 kg BW/m 2 utilized feed more efficiently, followed by those reared at 30 kg BW/m 2 . A summary of the results for the entire study period is given in Table 5 . Sex influenced (P <0.01) bodyweight gain, with males growing more than females. Stocking density had an effect (P <0.05) on feed consumption, with a progressive reduction in feed consumption as stocking density increased. The results for carcass traits are summarized in Table 6 . There were effects of sex on dressing, breast, neck, and shank percentages (P <0.01), and thigh percentage (P <0.05), but not back, wing, and drumstick percentages (P >0.05). Where significant differences existed, females had consistently higher carcass component percentages than males. Stocking density affected dressing, breast, thigh, drumstick, neck and shank percentages (P <0.01). Birds reared at 35 kg BW/m 2 stocking density recorded the highest dressing and breast percentages, while those raised at 40kg BW/m 2 had the lowest. There was no difference (P >0.05) in thigh percentage between birds reared at the two lower stocking densities; however, these had higher percentages than those reared at the highest density. Birds reared at the stocking densities of 35 and 40 kg BW/m 2 did not differ in drumstick percentage, but had higher mean percentages compared with the lowest stocking density. There was a progressive reduction in neck percentage with increasing stocking density, while birds reared at the density of 35 kg BW/m 2 had the highest mean shank percentage and those reared at the density of 30 kg BW/m 2 had the lowest. Sex by stocking density interaction effect influenced thigh percentage (P <0.05). Table 7 shows the results for giblet (liver, gizzard and heart) and abdominal fat percentages. Sex had effects on liver and gizzard percentage (P <0.05) as well as heart and abdominal fat percentage (P <0.01), with higher means for females than males in all the traits. Stocking density affected (P <0.01) liver and gizzard percentage but had no effects on heart and abdominal fat percentage (P >0.05). Birds reared at the stocking densities of 35 and 40 kg BW/m 2 did not significantly differ in liver percentage but had higher percentages than those reared at the density of 30 kg BW/m 2 . There was a progressive increase in gizzard percentage with increasing stocking density. Sex by stocking density interaction effect affected (P <0.05) liver weight percentage. 
Results

Discussion
Regardless of treatments, all birds had more than 2 kg average weight at the end of the 42-day experimental period. This indicates that the conditions were conducive to producing broilers, given that appropriate management practices were followed. However, mortality rate was an issue since males reared at stocking density of 30 kg BW/m 2 recorded the highest mortality rate of 13.6 %. The significant differences between male and female birds in bodyweight and bodyweight gain throughout the experimental period, as well as feed consumption and mortality rate during the finisher period are consistent with earlier reports (Sam et al., 2010; López et al., 2011) . The superior bodyweight gain and subsequent heavier weight at all stages of growth for the male birds could be attributed to physiological differences between the sexes in bodyweight gain and feed consumption. A positive genetic correlation is known to exist between these traits (Chambers, 1990; Aggrey et al., 2010) . The similarity between the sexes in feed conversion ratio at all the stages of production, despite the higher feed consumption of males, suggests that the two sexes utilized feed with the same degree of efficiency. This observation contradicts previous studies that showed that males utilized feed more efficiently than females (Sam et al., 2010; Shafey et al., 2013) . This could be owing to environmental differences or the genetic makeup of birds used in the experiments. The higher mortality rate in males than females observed during the finisher period could probably be because of the genetic habits of males, which cause them to be aggressive towards one another.
The significant effects of stocking density on feed consumption during the rearing period were in agreement with previous studies (Yakubu et al., 2010; Beg et al., 2011; Rambau et al., 2016; Siaga et al., 2017) , namely bodyweight gain during the starter and grower periods, and feed conversion ratio during the finisher period, These studies indicated that high stocking densities reduced feed consumption, bodyweight gain and market weight, and improved feed conversion ratio. However, the extent of reduction or improvement depended on how high the particular density was. Reduced bodyweight gain at high stocking densities could be attributed partly to decreased feed consumption, owing to physical competition for access to feeders. The non-significant effects of stocking density on mortality rate concur with those of Meluzzi & Sirri (2008) , but contradict other studies (Onbasilar, 2008; Yakubu et al., 2010) .
Higher dressing percentage, weight percentage of breast, thigh, neck, and shank were observed in females than males. The higher live weight of the male birds resulted to their lower dressing percentage and carcass part weight percentage compared with female birds. This indicated that carcass part weight percentage has an indirectly proportional relationship with the live weight of these birds. In this study, male birds scored significantly higher live weight than females. However, additional live weight could have resulted from feathers, blood and intestines, which are heavier in male than in female birds. Consequently, this could have resulted in the higher difference between live weight and carcass weight of male than females, which leads to lower weight percentages of male carcass parts than in females when carcass parts were expressed as live weight percentage. Shafey et al. (2013) reported a positive correlation of live weight and the carcass part weights. However, the present findings are indirectly proportional when carcass parts are expressed as live weight percentages. Similarly, Ojedapo et al. (2008) reported that female WadiRoss and Ross birds had higher percentage carcass and breast weight percentages at 12 weeks old than their male counterparts. In an earlier study, Markley et al. (1980) found significant differences between sexes, with females having greater breast weight and backs, but smaller legs. On the contrary, Hassani-Vaslan (2010) reported higher percentages of breast, thigh and heart in males than in females, while Olawumi & Fagbuaro (2011) observed higher eviscerated weight, back muscle weight, thigh muscle and drumstick weights in males than in females. Isidahomen et al. (2012) noted that males had higher percentages of head, neck, wing, thigh, drumstick breast and back than females. According to Shafey et al. (2013) , the higher the live weight, the higher the weight percentages of the carcass parts. This is supported by numerous studies, which show that male birds score higher weights of carcass parts than females (López et al., 2011; Shim et al., 2012; Benyi et al., 2015) . This has been attributed to sexual dimorphism, which generally favours males, especially in poultry (Ilori et al., 2010; . The current findings, however, are not in line with this theory because the authors found males to be heavier, but with lower carcass component percentages than female birds.
There was indirectly proportional relationship between stocking density and the carcass percentage of the birds, hence the lower to intermediate stocking density (30 and 35 kg BW/m 2 ), the significantly higher percentages of carcass, breast, thigh, drumstick and shank for birds , while higher stocking density (40 kg BW/m 2 ) resulted in significantly lower carcass percentage. These results concur with the findings of Beg et al. (2011) . On the other hand, other studies (Feddes et al., 2002; Beg et al., 2011; Rambau et al., 2016) reported that percentages of thigh, drumstick and neck increased as stocking density increased. Ligaraba et al. (2016) , however, observed no significant effects of stocking density on all the carcass traits measured, while Siaga et al. (2017) observed significant effects on breasts only. These discrepancies could be attributed to other factors such as season in which the birds were reared, genotypes and feeding regime. This study also reported significant effects of sex x stocking density interaction on thigh percentage weight, suggesting that raising male birds at a stocking density of 40 BW/m 2 would yield relatively lower thigh percentage weight than female birds. However, the interaction did not affect the percentage weights of the rest of carcass characteristics. This emphasizes that no significant influence would result in carcass characteristics weight percentages when raising male or female birds at low, intermediate or high stocking density. Both sexes would yield equal carcass characteristics weight percentages at different stocking densities except for thigh.
Reports on the effects of sex on percentages of edible giblets and abdominal fat are inconsistent (Rondelli et al., 2003; Bogosavljević-Bošković et al., 2006; Azahan et al., 2007; Nikolova et al., 2007) . Brake et al. (1995) reported that the growth rate of muscle tissue (the main carcass component) increases faster than growth rates of internal organs and non-edible parts. In the current study, weight percentages of liver, gizzard, heart and abdominal fat were influenced by sex, with higher means for females than males. This agrees in part with Azahan et al. (2007) and Nikolova et al. (2007) , who noted that female carcasses had higher fat than those of males. Le Bihan-Duval (1998) suggested that this could be because of the greater impact of hormones for fatness in females than males. It could also be because females start to store fat at an earlier age than males. Females were found to start storing fats from six weeks old compared with eight weeks for males (Almasi et al., 2012) . Rondelli et al. (2003) , Bogosavljević-Bošković et al. (2006) and Siaga et al. (2017) , on the contrary, showed that there were no significant differences in abdominal fat between males and females.
Stocking density affected gizzard and liver percentages significantly, with higher mean weight percentages in birds reared at the medium (35 kg BW/m 2 ) and higher (40 kg BW/m 2 ) densities of this study. This is probably because at high stocking densities overcrowding causes birds to consume feed quickly. As a result, the gizzard becomes bigger or develops faster in order to grind larger quantities of feed in a short period. However, in the present study, stocking density had no impact on the percentage of heart. Ligaraba et al. (2016) , Rambau et al. (2016) and Siaga et al. (2017) reported similar observations that stocking density had no effect on heart percentage. On the contrary, Onbasilar et al. (2008) reported a higher percentage of heart of broiler at high stocking density owing to rapid respiration caused by too much litter. However, the litter of birds in a higher stocking density should have been managed properly to avoid the bias across the experiment.
Conclusions
The current study suggests that under semi-arid subtropical conditions, male Cobb Avian48 birds could perform better than females. Male birds achieved heavier live weight at slaughter age (42 days) and deposited less fat than females, which is noteworthy, because less fat would comply with consumers' preferences and their health. When birds were fed ad libitum, higher stocking density resulted in a reduction in feed consumption, with a superior feed conversion ratio compared with the medium and lower stocking density during the finisher period. Neither sex nor stocking density influenced the mortality rate during the entire rearing period. Stocking density significantly influenced weight percentages of carcass, breast, thigh, drumstick, neck, shank, liver, and gizzard. Sex × stocking density interaction effect affected weight percentages of thigh and liver of the birds. Overall, it is suggested that for efficient broiler production in the subtropics, for a 42-day production cycle, Cobb Avian48 males reared at a stocking density of 40 kg BW/m 2 could be regarded as the best option. A female Cobb Avian48 could also be considered a significant option when raised at 35 and 40 kg BW/m 2 with special focus on selected carcass characteristic weight percentages.
